Oxidative stress has been strongly related with Parkinson disease (PD) and Alzheimer disease pathogenesis. We determined the effects of Lactococcus lactis (LAL) supplementation on the generated loss-of-function mutants of PINK1 B9, an AR-JP-linked gene and Aβ42 induced phenotypes in a Drosophila melanogaster model of PD/AD. Enhanced mutant PINK1 B9 and Aβ42 expression in D. melanogaster dopaminergic (DA) neurons can curtail lifespan, flight muscle accompanied by locomotive defects and we have observed longevity methods to assay the effects of LAL on D. melanogaster survival. Furthermore, flies expressing mutant PINK1 B9 and Aβ42 in their brain fed LAL had up to the two weeks, or 25%, greater median lifespan than those fed a standard sucrose diet. In addition, LAL improved mutant PINK1 B9 and Aβ42-induced flight impairments in the Drosophila wing. Our microscopy analyses revealed that individuals fed LAL had improved atypical ommatidia as well as an increased thirteen percentage of flight ability than those fed a control diet. We propose that LAL, rich in naturally occurring probiotics and antioxidants, promotes the survival of neurons in brain and wing muscle tissues with increased levels of mutant PINK1 B9 and Aβ42 via a protective cell survival mechanism.
Introduction
Parkinson disease (PD) is the second most neurodegenerative brain disease in the world and is stand comparison with frequency by Alzheimer disease [1] . Current standards of care have serious limitations and largely address only symptom. The majority of PD cases are sporadic; however, the discovery of genes linked to rate familial forms of disease (encoding α-synuclein, parkin, DJ-1, PINK1, and LRRK2) and studies from experimental animal models has provided crucial insights into molecular mechanisms in disease etiology and identified probable targets for therapeutic intervention. Recent reports implicate mitochondria dysfunction, oxidative damage, abnormal protein accumulation and protein phosphorylation as key molecular mechanisms compromising dopamine neuronal function and survival as the underlying cause of etiology in both sporadic and familial PD [2] . The pathological problems of PD include the loss of dopaminergic (DA) neurons in the substatianigra (SN) and presence of intra-neuronal inclusions known as Lewy bodies (LB) in surviving cells. Affected individuals have both motor and non-motor symptoms ranging from bradykinesia, resting tremor, and muscular rigidity to dementia, depression and olfactory dysfunction. Until now believed to be a totally sporadic disease, linkage studies identified PINK1 as the various gene related to PD. The drosophila PINK1 gene encodes a polypeptide of 721a.a with a molecular mass of about 80 kDa. Similar to human PINK1, structural analysis of drosophila PINK1 protein also revealed two characteristic motifs: a mitochondrial targeting motif and a serine/threonine kinase domain. The kinase domain exhibited 60% similarity (42% identity) to that of human PINK1. Consistent with the localization of human PINK1, drosophila PINK1 was also found localized in mitochondria [3] . Recent reports revealed that generated PINK1 loss-of-function mutant flies, PINK1
D3 and PINK1
b9
, as well as revertants (PINK1 rv ) using RNA-mediated interference technique [4] . Collectively, these results represent that loss of PINK induces indirect flight muscle degeneration and mitochondrial impairment.
Oxidative stress (OS) is consistently related with the etiology of PD or AD; however, its role in disease progression remains unclear. A cell undergoes OS when the net balance between the generated reactive oxygen species (ROS) and the available antioxidant defense mechanisms favours the former. Autopsy analysis of PD or AD patient brains certifies higher levels of OS biomarkers like dysfunctional mitochondria, decreased levels of reduced glutathione, and deficiencies in antioxidant enzymes in the SN or hippocampus of affected individuals [5] . Recent report suggests that pluripotent stem cell-derived DA neurons from a PD patient with a SNCA triplication augment α-synuclein and production of H 2 O 2 in Aβ42 flies which is a vital step in the oxidative stress caused by the Aβ, are susceptible to OS [6] [7] . These data suggest that the combination of OS and excess PINK, α-synuclein, Tau and Aβ42 may play a pivotal role in the progression of PD and AD.
Alzheimer's disease (AD) is an age-related neurodegenerative disease and the most common cause of dementia. The pathogenesis of AD is yet entirely clear and despite the increasing knowledge regarding the mechanism, no effective disease-modifying therapy is yet available. Recently, many reports have shown to play a pivotal role in the synaptic damage, impairment of homeostasis, inflammation as well as toxicity in relation to AD etiology. Membranes can also be injury by the ROS (reactive oxygen species) that are produced by Aβ aggregates in the presence of metals such as copper, zinc or iron [8] . Subsequent pathophysiological processes include mitochondrial damage [9] , phosphor-tau with consequent axonal transport damage and the trigger of cell death [10] [11] . However, until recently it has been impossible to take a global view to ask which biological processes are essential for the induction of the disease and which are downstream consequences of neurotoxicity [12] . Knowing which biological processes are directly involved in initiating AD will allow us to key on those upstream targets that have the greatest therapeutic potential.
Lactococcus lactis (LAL) is an excellent source of dietary antioxidants. The scavenger potential of Lactococcus lactis (LAL) in OS and vascular disease has been described and recent studies in drosophila suggest that microbiota may be benefic to individuals suffering from neurodegenerative diseases [13] . Therefore, in this study we describe the protective effects of LAL concentrate on a drosophila Tg model of dual PD/AD. Enhanced lifespan loss and flight impairments caused by directed expression of PINK1b9 and Aβ42 in the DA neurons and brain neurons and developing eye, respectively, is improved by supplementing growth media with LAL.
We have designed a model of AD that is based on the expression of the human Aβ42 in fly neurons by coupling it to an N-terminal secretion signal peptide [14] . The Aβ1-42 but not the Aβ1-40 control accumulates in the brain and results in decreased lifespan and impaired locomotor performance. These phenotypes are more marked in Tg (transgenic) flies expressing the mutant of the Aβ1-42, which causes increased aggregation of Aβ and is responsible for early stage familial AD [15] . Here, we use our Drosophila Tg (transgenic) model with combina-tion with PD and AD can help unravel the role of OS and unveil potential antioxidant therapies in AD and PD that are critical for lifespan loss and flight impairments from dual PINK1b9 and Aβ-mediated neurotoxicity with Lactococcus lactis (LAL) supplementation in vivo.
Materials and Methods

Fly Stocks and Culture
The UAS-PINK1 b9 [4] and UAS-Aβ [16] flies were generously provided by Professor J.K. Chung (Seoul National University) and Professor G.S. Jo (University of Kunkuk), respectively. GMR-Gal412 and UAS-mCD8-GFP flies were obtained from the Bloomington Drosophila Stock Center at Indiana University. The transgenes are each representative of three independent transgenic lines. Flies were maintained at 25˚C in a 12:12 light:dark period on a standard cornmeal-yeast-molasses-agar medium (65 g/L cornmeal, 15 g/L nutritional yeast extract, 5.5 g/L agar in water supplemented with 0.1 g/ml methyl 4-hydroxybensoate in ethanol and 2.5 ml propionic acid per L of medium).
Longevity Assays
Longevity assays in the secondary screen and flies were reared on either 0.25% sucrose or Lactococcus lactis (LAL, Korean Collection for Type Cultures, Korea) supplemented medium then collected under gaseous CO 2 every 24 hours until a minimum of 100 adult females of each genotype were obtained. Briefly, flies were reared on either 0.25% sucrose or 5 × 10 5 /100 μl or 5 × 10
8 /100 μl cell number of LAL with 0.25% sucrose supplemented Tomato Juice medium (skim milk 100 g, tomato juice extract 100 ml, yeast extract 5 g, with distilled water 1000 ml) then collected under gaseous CO 2 every 24 hours until a minimum of 50 adult males of each genotype were obtained. Live flies were counted and their food changed on days 1, 3 and 5 of a 7 day cycle. For assessing the efficacy of Lactococcus lactis (LAL, isolated from w 1118 ) was dissolved in PBS and the solution added to fly food to give a final concentration of 5% v/v. Survival curves were plotted using the Kaplan-Meier estimator. The statistical significance was calculated using the log rank test within the SPSS 11.0 statistical package. The null hypothesis in all of the longevity assays was that the presence of the PINK1b9 made no difference to the longevity of the flies expressing the Aβ1-42 transgene.
Selected flies were then transferred to upright standard plastic shell vials containing the above food medium they were initially exposed to. Each group was maintained at 25˚C and kept in non-crowded conditions (1 to 20 individuals per vial). Flies were scored for viability every 2 days and transferred to fresh medium without anaesthesia according to established protocol [17] .
Behavioural Assays
For the determine of climbing speed, groups of ten 3-day-old females were driven into 18-cm-long vials and incubated for 1 h at room temperature for environmental adaptation. After tapping the flies completely down to the bottom, we marked their climbing time at the 15-cm finish line when more than five flies had arrived. Five trials were performed for each group and repeated with four different groups. The average climbing time (±S.D) was calculated for each genotype. Flight assay was performed as previously described [18] with 3-day-old males (n > 100).
Scanning Electron Microscopy Analysis
Surviving flies were preserved at −80˚C before being mounted on metal studs under a dissecting microscope. Prepared fries were desiccated overnight and gold coated prior to photography at 200 times magnification with a JSM-7610F (JEOL, USA Inc.) scanning electron microscope as per standard methods.
Preparation of drosophila tissue for SEM analysis was determined as following: ten adult flies were pre-fixed for 2 h, at 4˚C, in fresh phosphate-buffered saline (PBS) containing 2.5% glutaraldehyde solution (pH7.4). The specimens were subsequently washed twice, for 20 min each time, in phosphate-buffered sucrose (4%). Tissue dehydration was attained through a graded ethanol series (75%, 80%, 90%, 95% and 100%). Samples were finally subjected to a critical point drying procedure, attached on aluminum stubs, coated with gold in a sputtercoating apparatus (Tousimis, Rockville, Maryland, USA), for 2 min, and visualized under a JSM-7610F Scan-ning Electron Microscope (JEOL, USA Inc.). For each fly double transgenic 50 eye images, from at least three independent crosses were thoroughly determined. An oval with an area between 3 × 10 3 -4.5 × 10 3 μm 2 was overlaid on the flattest portion of each focused eye with Paintbrush version 2.1.1 for Mac OS X (Soggy Waffles). The external and surface structural organization of each (double transgenic) adult fly eye was examined through a Scanning Electron Microscopy (SEM) approach [19] .
Results
Increased Concentration of LAL Protect against PINK11b9 and Aβ42-Induced Initially Mortality
Here we study a reduced lifespan in flies when of PINK1b9 and Aβ42 expression is enhanced in the brain neurons (Figure 1) . The median survival time of PINK1b9 and Aβ42-expressing flies was reduced by 45% compared to wild type when both groups were fed a control diet. A diet rich in LAL partially rescued the reduced lifespan caused by increased neuronal amounts of PINK1b9 and Aβ42 in D. melanogaster (Figure 1 ). PINK1b9 and Aβ42-expressing flies fed a diet containing thirteen percentage of 5 × 10 8 /100 μl LAL had a 7-day greater median lifespan than those fed a control diet. A concentration of 5 × 10 5 /100 μl LAL dose was slightly observed the survival ratio with PINK1b9 and Aβ42-expressing flies. The median survival values for each group are found in Table 1 .
LAL Ameliorates PINK1b9 and Aβ42-Induced Developmental Defects in the Drosophila Eye
A rough external eye phenotype occurs when GMR-Gal4 is used to drive expression of mutant PINK1b9 and Aβ42 in the developing drosophila eye (Figure 2) . LAL supplementation reduces mean PINK1b9 and Aβ42-induced defects to control levels (Figure 2) . The mean disruption of mutant PINK1b9 and Aβ42-expressing flies fed a control diet was 42% of the analyzed area. In PINK1b9 and Aβ42-expressing flies, the mean disruption was reduced from 65% for those fed a control diet to 20% and 9% for flies fed 5 × 10 5 /100 μl and 5 × 10 8 /100 μl LAL, respectively. This provides another example of LAL-induced protection in a Drosophila tissue that is rich in neurons. 
LAL Suppresses PINK1b9 and Aβ42-Induced Flight Impairments in the Drosophila Wing
To confirm further mitochondria impairment in the muscles, we analyzed quality of mitochondria abundance in the mutants by flight ability. As expected, they showed complete defects in flight ability and these phenotypes were significantly rescued by LAL supplementation. Compared to the w 1118 flies, PINK1b9 mutants and Aβ42 showed a more than approximately ninety-eight fold reduction in w 1118 flies, and this was markedly restored by LAL supplementation (Figure 3) . The BCL-2 protein family determines the commitment of cells to apoptosis, an ancient cell suicide programming genes that is essential for development, tissue homeostasis and immunity. Because substantial results represented that anti-apoptotic Bcl-2 families are involved in the protection of mitochondrial integrity and function [20] [21] . Collectively, these results demonstrate that mutant of PINK1 and Aβ42 expression induces indirect flight muscle degeneration and mitochondria impairment. Overall, these results strongly suggest that mitochondrial dysfunction is the main cause of these aberrant phenotypes of PINK1 mutants and Aβ42 expression.
Discussion
Recent reports evidence has suggested that a diet rich in oriental medicine may help delay the Aβ-related degeneration of fly [16] . In other animal study, oriental medicine supplementation improved memory function in older mouse with early memory loss [22] . Moreover, it has been demonstrated that short-term LMK02 supple- mentation increased calbindin-mediated protection against inflammation in aged mice hippocampal neuronal cells [23] . Also, Probiotic Dahi with Lactobacillus acidophilus and Bifidobacterium bifidum supplementation alleviates age-oxidative stress and improves expression of biomarkers of aged mice [24] . These reports suggest that the protective effects of oriental medicine or probiotic Lactobacillus sp. are not confirmed to drosophila melanogaster and may extend to mammals.
The free radical/oxidative stress theory of ageing originated in the 1950's and suggests that an organism ages due, in part, to the accumulation of free radical-induced damage to cellular macromolecules. Previous reports have shown that probiotic microbiota supplementation can extend lifespan in a Caenorhabditis elegans [25] and drosophila melanogaster [26] . Our results are novel as we have shown that LAL supplementation can extend lifespan and flight ability in a drosophila model of a neurodegenerative disease. The additional antioxidants provided by LAL supplementation may alleviate some of the excess ROS generated during the progression of AD/ PD-like cell death resulting in less cellular injury and a longer median survival time in affected flies.
Conclusions
Here we advert the first demonstration of the protective effects of LAL in a drosophila model of PINK1b9 and Aβ42-PD/AD. Previous findings have demonstrated that oriental medicine improved both life span and fly eye in a similar drosophila model of AD [16] . Taken together, these results epitomize the value of using drosophila to study PD or AD pathogenesis. Though the literature is relatively new, studies in this versatile organism have helped develop interest in the potential protective effects of dietary antioxidants in medical research. Future studies could aim towards unraveling the interaction of dietary antioxidants, probiotic and the activity of mitochondria biogenesis, such as the ROS and enzymatic antioxidant pathways.
The drosophila compound eye and wing consist of multiple subunits, muscles or ommatidia, composed of several neurons and wing cells. Directed expression of PINK1b9 and Aβ42 during early developmental results is premature degeneration of the retina and muscle with abnormal development of external morphology [4] . Mitochondria are the major intracellular source of reactive oxygen species (ROS). While excessive mitochondrial ROS (mito-ROS) production induces cell injury and death, there is augmenting evidence that non-toxic low levels of mito-ROS could serve as important signaling molecules. Therefore, maintenance of mito-ROS at physiological levels is crucial for cell homeostasis as well as for survival and proliferation. Bcl-2 is to protect the integrity of mitochondrial oxidative phosphorylation and thus limit the mitochondrial dysfunction that is induced by several stimuli of apoptosis. Therefore, our results suggest that a diet containing LAL protects neurons in the eye and wing against PINK1b9 and Aβ42-dependent developmental defects. Both the morphology of atypical ommatidia and wings were improved in flies fed a LAL-supplemental diet. In human, the park in and PINK1 gene encodes an E3 ubiquitin ligase and expression of mitochondrial park in and PINK1 in drosophila eyes and wing muscle suppresses RNAi-induced retinal and wing muscle degeneration in mutant PINK1 flies [4] . Mito-chondrial PINK1 is a point of major interest in AD/PD pathogenesis and the protective effects of LAL on PINK1b9 and Aβ42-induced injury in the drosophila eye may be due in part to enhanced activity of the mitochondria biogenesis.
Our finding may be referred to a fortified overall antioxidant defense mechanism in PINK1b9 and Aβ42-expressing flies. LAL can increase the expression of enteric probiotic defense molecules in D. melanogaster. Additionally, LAL extends lifespan and partially protects PINK1b9 and Aβ42-induced flies under conditions of increased oxidative stress and impairment of flight ability. Similar reports have been represented for several other foods high in dietary antioxidants, including extracts of plant polyphenols [27] - [29] , Green Tea Catechin [30] and Black Tea [31] . Although dietary antioxidants likely provide an invaluable secondary support to cells suffering oxidative stress, it appears that their defective effects are dependent on extrinsic/intrinsic antioxidant protective systems.
